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摘  要 






















第二章以三种碱性氨基酸（L-Lysine, 赖氨酸，L-Arginine, 精氨酸，L-Histidine, 


















摘  要 
 ii
精氨酸杂化硅胶整体柱）以及 6.38 nm 和 1.24 μm（L-组氨酸杂化硅胶整体柱）。
这三种杂化硅胶整体柱都是两性固定相，在电色谱模式下，电渗流的大小和方向
随 pH 改变，而且都显示一定的亲水作用机理（乙腈含量高于 40%时）。四种探
针分子（甲苯、DMF、甲酰胺和硫脲）在三种杂化硅胶整体柱上进行了分离，
结果显示在 L-赖氨酸杂化硅胶整体柱上分离柱效 高，理论塔板数分别为 123 
385、103 620、121 845、105 345 Plates/m。在 20 mM 甲酸铵缓冲液（20% ACN, 







在 pH 7.5 和 pH 6.5 的条件下，间氨基苯硼酸杂化硅胶整体柱和间氨基苯硼酸-戊
二胺杂化硅胶整体柱可以抓取含有顺式二羟基的邻苯二酚。胞苷和腺苷作为含顺
式二羟基的探针分子也证实了硼亲和作用。在 5 cm 长，150 μm 内径的毛细管中
合成的杂化硅胶整体柱，利用毛细现象载入标准糖蛋白—辣根过氧化物酶酶解
液，对酸洗脱下的多肽进行了 MALDI-TOF 分析，得到了糖肽片段的分子离子峰。 
第四章初步研究了还原型谷胱甘肽作为单体的杂化硅胶整体柱的“一锅法”
制备，加入一定量的氢氧化钠溶液使谷胱甘肽完全溶解于水解液中，混合后的






















Monolithic columns are taking a more and more important role in separation 
science and sample enrichment with advantages including facile preparation, high 
permeability and, fast mass transfer properties. In general, monolithic columns can be 
classified into two families: silica-based monolith and polymer-based monolith. 
Polymer-based organic monolith has good stability to pH and great flexibility to 
prepare, with great separation efficiency of large biomolecules, however, the swelling 
in organic solvents and the deficiency in mechanical stability result in the short 
lifetime and undesirable retention reproducibility; the inorganic silica-based 
monolithic columns demonstrate high mechanical stability, high performance of small 
molecules, but the optimal pH range is limited because of its silica skeleton, 
meanwhile, the preparation of silica-based monolithic columns is still time-consuming. 
In order to overcome these problems, organic-inorganic silica hybrid monolith should 
be expected to be a good choice. Using organic trialkoxysilanes as co-precursor in the 
sol-gel process can bond organic groups onto silica matrix covalently, but still with 
the limitations caused by the choice of organic trialkoxysilanes. “One-pot” process 
based on the vinyl groups for free radical polymerization can circumvent limitation 
and difficulty of using or synthesizing the functional organic-trialkoxysilanes; 
water-soluble or nonpolar organic monomers can be used to incorporate into the 
hybrid monolith. But, the rate of free radical polymerization is hard to control, 
causing reproducibility problem and shrinkage of the matrix. This dissertation 
develops a new system of “one-pot” process—using ring opening reaction between 
the amino group and epoxy group. γ-glycidoxypropyltrimethoxysilane (GPTMS) and 
tetramethoxysilane (TMOS) as co-precursors were hydrolyzed together, organic 
compounds containing amino groups was mixed with the hydrolyzed solution, the 
polycondensation and ring-opening reaction took place at the same time. After heating 















monolithic columns were abtained. The amino-compounds are also considered 
playing as a basic catalysis during the sol-gel process. In this dissertation, L-Lysine, 
L-Arginine, L-Histidine, 3-aminophenylboronic acid, cadaverine, and reduced 
glutathione were respectively used as monomers, and systematically studied to form 
organic-inorganic silica hybrid monoliths via this “one-pot” process based on the 
ring-opening reaction between amino and epoxy groups. 
In Chapter one, the preparation and application of monolithic columns were 
reviewed, especially focusing on the strategies for the preparation of silica hybrid 
monolith, and then the research proposal was made. 
In Chapter two, three basic amino acids (AAs) including L-Arginine, L-Lysine 
and L-Histidine were used as monomers, GPTMS and TMOS were the co-precursors, 
three basic AA-silica hybrid monolithic columns were prepared via the “one-pot” 
process. AAs were incorporated covalently into the silica hybrid skeleton via the 
epoxy ring-opening reaction between the amine group and the glycidyl moiety in 
GPTMS, which was confirmed by elemental analysis and FT-IR studies, while the 
basic AA was also found to catalyze the polycondensation of TMOS and GPTMS. 
The average mesopore and macropore sizes of the prepared basic AA–silica hybrid 
monolithic columns were 3.86 nm and 1.71 m for the L-Lysine–silica hybrid 
monolith, 5.38 nm and 4.24 m for the L-Arginine–silica hybrid monolith, and 6.38 
nm and 1.24 m for the L-Histidine–silica hybrid monolith. The hybrid monoliths 
afford a zwitterionic stationary phase for CEC, the direction and magnitude of EOF 
can be controlled by the pH of mobile phase used. Besides an electrophoretic 
mechanism, the monoliths behave in a typical hydrophilic interaction with the 
analytes when ACN percentage in the mobile phase is over 40%. Four polar 
compounds (toluene, DMF, formamide and thiourea) were tested on the three 
AA–silica hybrid monolithic columns, and the best separation efficiency was 
observed in the L-Lysine–silica hybrid monolithic column, the corresponding 
theoretical plate number for toluene, DMF, formamide and thiourea were 123 385, 
103 620, 121 845 and 105 345 plates/m, respectively. Its theoretical plate height was 















ACN (pH 4.1) was used as a running buffer. Effective separation of phenols and 
peptides on the L-Lysine–silica hybrid monolithic column was achieved using CEC. 
Further more, L-Lysine-silica hybrid monolithic columns was post-modified with 
L-Phenylalanine to increase its hydrophobicity. Alkylbenzenes were separated in 
reversed phase CEC mode on the post-modified L-Phenyalanine-L-Lysine-silica 
hybrid monolithic columns. The successful preparation of three AA-silica hybrid 
monoliths and the L-Phenyalanine post-modified L-Lysine-silica hybrid monolith 
demonstrated this novel “one-pot” strategy possesses potential application and can be 
extended to prepare other novel and efficient monolithic materials. 
In Chapter three, 3-aminophenylboronic acid (APBA) without or together with 
cadaverine (CDV) were used as amino monomers to prepare phenyboronic-silica 
hybrid monolithic columns via “one-pot” process. Under the pH 7.5 and 6.5, 
respectively, APBA-silica hybrid monolithic columns and APBA-CDV-silica hybrid 
monolithic columns can capture cis-diol containing compounds like catechol. 
Cytidine and adenosine were also tested as cis-diol molecule to prove the affinity with 
the boronic-silica hybrid monolith. The two prepared monolithic columns (5 cm in 
length  150 μm i.d.) were dipped into a digested horseradish peroxidase (HRP) 
solution. It can be filled with the sample solution automatically due to capillary action 
to capture the glycopeptides containing cis-diols. The acidic effluent was directly 
spotted onto the MALDI target plate for analysis. 
In Chapter four, reduced glutathione-silica hybrid monolithic column was 
prepared via the “one-pot” process. 28 μL of 5 M NaOH solution was added to 
resolve glutathione (50 mg), the pH of mixture was about 5. Nano Au particles (2~3 
nm) were post-modified onto the silica hybrid monolith via the interaction with –SH. 
Five peptides were quantitatively separated on both silica-hybrid monoliths. This kind 
of peptide-silica hybrid monolithic columns may have potentials in separation and 
enrichment of peptides, as well as chiral separation of drugs in the near future. 
Chapter five summarized achievements of this dissertation as well as remaining 
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